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The health and national security challenge of antibiotic resistance has led governments to adopt policies to stimulate new

antibiotic R&D. Government programs that directly fund late-stage clinical development of antibiotics have emerged,

including the Broad Spectrum Antimicrobial Program of the Biomedical Advanced Research and Development Au-

thority in the United States, and the New Drugs for Bad Bugs program of the Innovative Medicines Initiative in the

European Union. These efforts are collectively investing nearly $1 billion and are supporting nearly 20% of the global

antibiotic pipeline. This article describes these programs, including the antibiotics and their targeted pathogens and

clinical indications, as well as program mechanisms for project eligibility, selection, governance, funding, and IP

management. Preliminary assessment of the impact of these mechanisms on the success of the programs is provided.

For much of the 20th century, the development and
commercialization of antibiotics was a mainstay of the

pharmaceutical industry. Beginning in the late 1990s, the
industry began withdrawing from antibiotic drug develop-
ment because of diminishing returns and the increasing fi-
nancial attractiveness of other therapeutic areas.1-3 However,
the medical need for new antibiotics remained and has grown
more acute due to the emergence of resistance, generating
widespread concern among medical practitioners and public
health officials. In response, governments have sought
mechanisms to stimulate private industry efforts by offsetting
the risk to private capital invested in antibiotic development.
Interventions have included ‘‘pull’’ mechanisms intended to
incentivize development by increasing the commercial value
of antibiotics, such as patent term extensions and advanced
market commitments or prizes, as well as ‘‘push’’ mechanisms
intended to reduce the amount of private capital needed for
development, including regulatory reforms and public
funding of antibiotic research and development.4-7

Public funding of research, especially basic research, such
as bacterial pathogenesis and mechanisms of antimicrobial
resistance, has been supported by government science fund-

ing agencies for many years and is widely recognized to
provide an essential scientific foundation for the discovery of
novel antibiotics. More recently, funding programs have
emerged that support antibiotic discovery and preclinical
and clinical development in pharmaceutical firms.8,9 The use
of public funding for direct subsidization of late-stage de-
velopment is particularly notable because the costs of devel-
opment for any one product, including clinical trials and
manufacturing design and scale-up, are substantial. In addi-
tion, the products under development are relatively close to
commercialization and introduction into competitive market
environments that are increasingly sensitive to cost. As a re-
sult, such programs are likely to test the boundaries of public-
private partnerships with respect to issues such as shared risk,
governance, transparency, intellectual property, and pricing.

This article compares 2 different approaches—one from
the US and the other found in the European Union—to
tackling the problem of incentivizing the development of
needed antibiotics via public funding of late-stage devel-
opment. While the final outcome of these projects remains
to be seen, and therefore the efficacy of these mechanisms
cannot yet be compared, the divergent strategies have
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already resulted in some notable differences in who and
what receives subsidies and how projects are managed and
overseen to maximize chances of success.

Late-Stage Antibiotic Development

Funding Programs

Two government programs have emerged to support late-
stage development of novel antibiotics: the US govern-
ment’s Broad Spectrum Antimicrobial Program in the
Biomedical Advanced Research and Development Au-
thority (BARDA), and the New Drugs for Bad Bugs pro-
gram under the Innovative Medicines Initiative (IMI), a
partnership between the European Union and the Euro-
pean pharmaceutical industry. Both of these programs were
founded in just the past 5 years, and they collectively rep-
resent over $900 million in planned public funding.

Broad Spectrum
Antimicrobial Program
BARDA was established by the US Congress to provide
federal investments in later stage development of novel
countermeasures to bioterorrism and pandemic threats.10

Housed in the Department of Health and Human Services,
the authority’s structure reflects its foundational mission to
address terrorist (CBRN Countermeasures Division) and
pandemic (Influenza Division) threats (Figure 1). In 2010,
BARDA established a broad spectrum antimicrobial (BSA)

program in the CBRN division. The funding level for the
BSA program proposed for the FY2015 budget is $79
million in an overall request of $415 million for BARDA.

To date, the broad spectrum antimicrobial program has
initiated 7 projects with commercial firms that involve late
stage development of novel antibiotics (Table 1). Although
details of the activities under the projects are not available,
the provided funding may be applied to virtually any
technical aspect of development, including clinical trials,
microbiology and animal studies, manufacturing develop-
ment, and regulatory costs. In addition, each project involves
development toward clinical and biodefense applications. All
of the supported projects involve small molecule antibiotics
being advanced as new chemical entities, although most are
new derivatives of existing classes of drugs. Two have in-
volved novel mechanisms of action, both from GSK. GSK is
also the only large, multinational pharmaceutical company
funded under the broad spectrum antimicrobial program to
date. Other companies have included 2 mid-sized specialty
pharma companies, Basilea, based in Switzerland, and The
Medicines Company, based in the US. In addition, 3 US-
based, small precommercial firms have been engaged:
Achaogen, Cempra, and Tetraphase.

New Drugs for Bad Bugs Program
The Innovative Medicines Initiative is a public-private part-
nership between the EU and the European Federation
of Pharmaceutical Industries and Associations (EFPIA),
an industry association of European and multinational

Figure 1. Organizational Structure of the Biomedical Advanced Research and Development Authority
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pharmaceutical companies. Established in 2008, the IMI uses
joint public and private funds to support multiple projects
across several therapeutic areas, as well as research questions in
precompetitive fields such as predictive toxicology. In 2012,
the New Drugs for Bad Bugs (ND4BB) program was estab-
lished to focus specifically on antibiotic resistance, including the
development of novel antibiotics, research topics in basic and
translational science, and a project to examine and revise the
underlying business model for commercial antibiotics (Figure
2). The effort arose from the formal determinations by Europe-
wide government bodies that antimicrobial resistance posed a
serious cost to European society and that a large-scale collabo-
rative initiative with the EFPIA should be undertaken.11

The current set of ongoing or announced projects for
late-stage antibiotic development and public and private
funding (including in-kind contributions) levels are shown
in Table 2. The projects include small molecules from
known classes, as well as one molecule with a novel
mechanism of action. In addition, 2 antibody projects are
funded that represent novel treatment modalities and ap-
proaches for antibacterial treatment. In contrast to BARDA
funding, which has supported multiple aspects of drug
development, ND4BB funding focuses almost exclusively
on clinical-trial and related expenses. The ND4BB has
engaged primarily multinational pharmaceutical compa-
nies, concentrating on those based in Europe, along with
US-based specialty pharma Cubist and Switzerland-based
Basilea. AiCuris has been the only small, precommercial
company engaged as a development leader thus far.

Comparison of BARDA-BSA

and IMI-ND4BB

Project Eligibility
The BARDA and IMI initiatives differ substantially in
terms of what entity may receive funding and where these

funds may be expended. Funding from BARDA is open to
both foreign and domestic companies, and several foreign
companies have received awards. Moreover, funds may be
spent in any geographic location, including at ex-US
manufacturing subcontractors and clinical sites. In contrast,
EU funding under IMI is limited to entities in the EU. For
example, clinical sites outside of the EU cannot receive
public funds. Within IMI, funding is further limited to
small and medium-sized for-profit businesses, not-for-
profits, and universities.12 Thus, the EFPIA pharmaceutical
firms themselves are not eligible to receive public funds,
although work done on behalf of these companies, such as
the conduct of clinical trials at participating hospitals,
universities, and service firms in the EU, is funded. In fact,
for most IMI projects, not only can no public funds be
spent outside of the EU, but private funds spent by EFPIA
companies outside of the EU typically cannot be counted
toward their cost share.13 However, for the ND4BB pro-
gram, this rule has been relaxed to allow for some non-EU
funding to be accounted for in the EFPIA-company share.
Stated reasons for this exception include the recognized
public health threat of resistance and because ‘‘the majority
of drug development activities are being conducted outside
of the E.U.’’14(p12)

Project Selection
The origin and ultimate design of funded projects follow
different paths in the US and EU (Figure 3). All BARDA-
supported antibiotic projects to date have involved devel-
opment toward both biodefense and resistant pathogens of
public health and commercial interest and can thus be
classified as ‘‘dual use.’’ This reflects the foundational
mission and legislative authority of BARDA. The policy
was explicitly stated in BARDA’s 2011-2016 Strategic
Plan, which noted, ‘‘BARDA will support the development
of candidate antimicrobials for their commercial, clinically
prevalent infectious disease indications, as long as our

Figure 2. Overview of Projects Funded by the IMI’s New Drugs for Bad Bugs Program. The late-stage development projects are the
subject of this article.
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private sector partners concomitantly support the devel-
opment of these products for biodefense threat agent in-
dications.’’15(p9) BARDA issues requests for proposals that
provide high-level guidelines for projects including the
stage of development, required biodefense spectrum of the
agent, general nature of fundable activities (eg,
manufacturing and clinical trials), and acceptable thera-
peutic modalities (eg, small molecule, monoclonal anti-
body), but otherwise leave it to innovators to propose a
particular developmental antibiotic, describe the develop-
ment path, and detail any collaborators and subcontractors
slated for participation.16 The targeted nonthreat pathogen
and commercial indication is not proscribed, and it is left to
the innovator to propose a target product profile and to
BARDA to accept its scientific, medical, and societal im-
portance. Selection of the proposal is made following a
technical evaluation by government personnel and non-
government technical experts engaged for the purposes of
the review following published criteria.

The second GSK project awarded in 2013 represents a
departure from the approach described above and is unique
among BARDA projects to date. Described by BARDA as a
‘‘strategic alliance’’ following a ‘‘portfolio approach,’’ it
involves a ‘‘flexible’’ arrangement that includes develop-
ment of GSK2140944 but also allows new drug candidates
to be moved in or out of the project based on scientific
progress.17 Projects in-licensed by GSK from third parties

during the course of the agreement can also be considered.
Key decisions surrounding the projects are to be decided at
semi-annual portfolio reviews.

In contrast, the ND4BB program defines the antibiotic
to be developed and its development path, including tar-
geted indications at an early stage, prior to the request for
proposals. In addition, biodefense applications are not
pursued. The IMI describes the activities to be conducted,
such as a clinical trial of a drug for treatment of lung in-
fections, and seeks a consortium of organizations—
typically universities, hospitals, other not-for-profits, and
small and medium-sized businesses—to perform the pro-
ject in collaboration with the developer. The selection of
antibiotic to be developed is made by the EFPIA compa-
nies, with the detailed content developed by the companies
and the IMI executive director’s office.18 The research
topics must then be approved by the IMI governing board,
which consists of equal numbers of representatives of the
EFPIA and European Commission.19

Funding Mechanism
and Cost Sharing
In the US, contracts issued by federal agencies are man-
dated to follow contract terms and structures defined
through the Federal Acquisition Regulation (FAR).

Figure 3. IMI (A) and BARDA (B) Mechanisms for Project Selection, Financing, and Management
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BARDA usually issues contracts that follow a ‘‘cost-reim-
bursement’’ structure in which a ‘‘prime contractor,’’ typi-
cally the owner of the developmental antibiotic, executes
the development program while being reimbursed for de-
velopment costs incurred, up to a predefined limit or ceil-
ing.20 In this approach, the antibiotic developer receives
payment for costs even if the project eventually fails. Firms
are also typically allowed a fee, or profit, under such con-
tracts.21 Incurred costs are auditable, and payment back to
the government can be required if the costs were not in-
curred under the contract’s terms. Development milestones
are integrated into projects in the form of contract options.
In these models, the initial contract award starts a ‘‘base
period’’ associated with a set cost ceiling and achievement
of a certain stage of development. If the milestone is
achieved, an option can then be exercised that increases the
ceiling and allows reimbursement for costs for activities
related to the next stage of development.

In addition to standard cost-reimbursement contracts,
BARDA has applied Other Transactions Authority (OTA).
OTA allows an agency to issue contracts outside of FAR rules,
potentially permitting much more ‘‘commercial-like’’ part-
nerships to be established. An example of such an agreement is
BARDA’s second contract with GSK. The terms of this
agreement are not currently publicly available, and the struc-
ture of the funding mechanisms cannot be described here.
BARDA has also recently emphasized the use of cost-sharing
arrangements, particularly when commercial application of
the resultant product is likely.22,23 With cost-sharing, the
antibiotic developer explicitly shares costs of contracted ac-
tivities with BARDA and no fee can be collected. The extent
and nature of sharing are not rigidly defined either in the FAR
or by BARDA and are instead proposed by the developer and
ultimately negotiated with the authority.

In the ND4BB program, as across all IMI programs, cost-
sharing is strongly emphasized and well-defined. EFPIA
companies commit to contributing funds and in-kind con-
tributions up to a pre-agreed value. EU funds flow through a
‘‘managing entity’’ that itself is one of these eligible organi-
zations, such as a research university, under the direction of
the EFPIA company ‘‘coordinator.’’ Fundable entities can
receive only up to 75% of research costs from EU funds, with
the balance coming from the EFPIA participants. Profits,
even by third-party contractors, are not allowed to be paid
with EU funds. As with US government contracts, funds are
paid as reimbursements for incurred costs and are subject to
ceilings, as well as rules for cost allowance and auditing.
However, in contrast to US programs, the expended EFPIA
funds and in-kind contributions must be accounted for and
reported to the IMI. Also, funding is not contractually linked
to the achievement of technical milestones.

Project Governance
Under both BARDA and IMI regimes, the antibiotic de-
veloper retains primary control and ultimate responsibility

for the conduct of the development program. The activities
of the consortium of entities participating in the project are
managed by the developer, including the disbursement of
project funds, whether public or private. In turn, BARDA
and IMI retain the rights to audit technical and cost aspects
of the project at any time, as well as to cancel funding.
However, the 2 programs differ substantially in the fre-
quency and degree of government involvement in program
oversight and decision making.

In the majority of its projects, BARDA contractually re-
quires reporting regularly and with high frequency, including
quarterly face-to-face meetings, monthly technical reporting,
and bi-weekly teleconferences. BARDA also reviews and
approves clinical protocols, regulatory submissions, and
other important components of a development project.
Further, BARDA has required contractors to implement
Earned Value Management, a project management system
that is not standard in the pharmaceutical industry and that
requires expert assistance or training and specialized software.
To manage the resultant workload, BARDA assigns a team
of technical experts, typically consultants with former in-
dustry experience, to each project. For key milestone deci-
sions, the use of contract options requires both the developer
and the government to mutually agree on proceeding with a
project prior to commitment for further funding. Critical
points such as this often trigger an ‘‘in process review,’’ a
formal assessment by experts from multiple government
agencies, prior to any decision by the government.15

Within IMI there is very little involvement by govern-
ment personnel in the day-to-day management of a project
or in major milestone decisions. Written reports on tech-
nical progress are required infrequently, such as once a year.
There is a process for formal interim evaluations performed
by a set of independent experts, but the IMI website cur-
rently indicates these happen once, 2 years after a project
starts. Key development milestone decisions are made by
the coordinating EFPIA company.

Management of Intellectual Property
and Data
Intellectual property (IP), particularly patents, plays a critical
role in pharmaceutical development, as it protects an inno-
vator from generic competition and allows recoupment of
R&D investment. In the later stage of pharmaceutical de-
velopment, IP usually plays a less central role as the most
important IP, such as composition of matter of the active
drug substance, is typically established during preclinical
development. One possible exception is IP related to
manufacturing and formulation technology, which can be
developed later and, in some cases, be an important aspect of
protection from generic competition during a product’s
lifecycle. The control of scientific data generated during de-
velopment is also crucial for competitive and, during clinical
trials, ethical reasons. Normally, if IP or data are developed at
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private expense, ownership and control remains with the
innovator or license holder once brought into US and EU
funding programs. However, the involvement of public
funding may raise issues of public rights and openness.

In the US, IP rights are governed by the Bayh-Dole Act of
1980 and contractually implemented via the FAR.24 Under
this regime, the developer may retain rights to the IP, while
the government retains a nonexclusive license to utilize the IP
for its own purposes. The government may also exercise
‘‘March-in-Rights’’ to acquire IP it has paid for.25 IP devel-
oped with federal funds is also subject to a ‘‘preference for US
industry,’’ requiring commercialized derivative products to be
manufactured in the US, although waivers can be obtained.
With respect to collaborators, a contractor must specifically
allow subawardees that are not-for-profits or small businesses
to retain license to the IP they develop, subject to Bayh-Dole
terms. More generally, the FAR directs that contractors
cannot ‘‘use their ability to award subcontracts as economic
leverage to acquire rights for themselves in inventions.’’26

Data, in contrast, is co-owned by the government and
the developer under BARDA contracts. However, compa-
nies do have an expectation of confidentiality from gov-
ernment officials, since release of private confidential
information by such officials is prohibited.27 For contrac-
tors working for the government, separate confidentiality
agreements are generated. Within a consortia assembled by
the antibiotic developer, confidentiality may be imposed as
is standard business practice. Notably, because an OTA
contract is not subject to the FAR, these IP and data rights
terms may be changed or waived.28

The EU does not seek any rights to IP developed with
public funding, and there are no restrictions on withhold-
ing IP rights to third parties, such as subcontractors.
However, management within the development consortia
plays a greater role. As awards are given to consortia of self-
assembled performers, these groups may not all be familiar
or comfortable with the business practices that are standard
in the pharmaceutical industry. Here, IMI lays out broad
principles for the management of IP, such as the sharing of
new IP among all participants that contributed to the in-
vention, as well as an expectation of confidentiality among
participants and a right of prepublication review.29 How-
ever, all of these terms can be modified under the consor-
tium agreement governing a particular project. Conflicts in
IMI consortia over data access have been reported. For
example, one not-for-profit group withdrew from the
consortium for GSK1322322, citing in an open letter
concerns regarding transparency including a requirement in
the project agreement that GSK provide written approval
for any publications that included project data.30

Postcommercialization Commitments
Consideration for postmarketing returns on investment,
such as royalties or milestone payments based on sales

targets, is common in private precommercial product li-
censing agreements, as well as in product development
agreements with industry issued by not-for-profit agencies
such as the Bill and Melinda Gates Foundation or the
Wellcome Trust. However, neither BARDA nor the IMI
have policies that place explicit postcommercialization
commitments or requirements on the owners of the anti-
biotic projects they have supported. Such requirements
could counteract the core public policy’s intent to incen-
tivize industry to pursue antibiotic drug development.

Discussion

Given the recent emergence of the ND4BB and BSA pro-
grams, it is too early to judge their impact on improving the
number of new antibiotics approved or in development.
But by other measures, the programs already appear to be
having a significant impact. Nearly 1 in 5 antibiotics in
clinical development globally, including half of those di-
rected to gram-negative infections, are affiliated with
BARDA and/or IMI.31 The majority of the projects sup-
ported are addressing serious infections caused by multi-
drug resistant gram-negative bacteria, an area recognized as
having the highest unmet medical need.32-34 In addition,
the efforts include antibiotics with novel mechanisms of
action and, in the case of the IMI, antibody approaches that
represent new modalities for antibacterial treatment. Both
programs are also supporting initiatives to enhance the
antibiotic development process, including key epidemio-
logic studies to enhance disease progression and clinical
outcome understandings, novel clinical trial designs, lim-
ited population regulatory approaches, and development
and integration of rapid diagnostics and biomarkers. Thus,
BARDA and IMI have taken on high-value programs and
are positioned at the forefront of antibiotic development.

The BSA and ND4BB programs have made this progress
despite certain limitations on their scope. Thus far, BAR-
DA has required all funded projects to address biodefense
pathogens as well as the more clinically prevalent targets.
This policy may limit the participation of companies that
do not wish to invest in developing the capability for drug
development in this specialty area. It may also account for
the high number of small businesses participating in the
BARDA program, which have higher barriers to accessing
risk capital from traditional sources. Small firms are also
adaptable and may be more willing to take on compliance
with the FAR and BARDA’s project governance require-
ments than larger companies. It is notable in this regard
that BARDA’s use of OTA authority and application of
more flexible program management structures have been
applied in collaborations with GSK, a large multina-
tional pharmaceutical firm. These trends may change, as
BARDA’s program is rapidly evolving. A recent presiden-
tial executive order, issued as part of an executive branch
initiative addressing antimicrobial resistance, appears to
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decouple the need for BARDA-funded antibiotic programs
to address both public health and biodefense indications.35

The impact of this change on BARDA’s support for anti-
biotic projects has yet to be seen, but it could result in
engagement of a greater breadth of industry, support for
new classes of drugs such as vaccines and narrow-spectrum
therapeutics, and expansion of the program as resources
previously set aside for biodefense-directed development
become available.

The IMI imposes severe restrictions on any EU funding
spent outside of Europe, as well as requiring EFPIA
membership to participate. This limits access to develop-
ment projects that happen to be owned by companies
without operations in the region, as well as to antibiotic
projects that may have all or substantially all development
components conducted on other continents. To date, all of
the developmental antibiotics advanced by ND4BB are
derived from EFPIA member company pipelines. None are
owned by companies based outside of Europe, even though
several multinational and specialty pharmaceutical firms
based in the US and Japan are members of the EFPIA.
Moreover, neither the mechanisms for obtaining EFPIA
membership nor the method for selecting a development
program from within the consortium for funding are
transparent. As interest in IMI increases, EFPIA may
change its procedures. However, it is not likely that the EU
will change its funding policies without substantial pres-
sure. Thus, promising projects that happen to be owned or
have clinical programs outside of Europe will be shut out of
IMI for the foreseeable future.

The European and US efforts have established public-
private partnership models that appear to balance both the
business and public interest with some success. However,
the balance remains uneasy. The challenge of intellectual
property and data rights are managed within well-defined
regimes acceptable to both parties, although not without
some controversy.36 A shared financial risk model has
been adopted, with the costs of development divided be-
tween government and the private partner. Here, the pri-
mary difference lies with transparency. Under IMI the size
of the private share is public and carefully accounted.
Under US programs, details of the contribution of the
private partner remain confidential. Perhaps most pro-
foundly, BARDA takes an active role in the selection of
antibiotic projects and oversight of the project. In contrast,
for the late-stage clinical development programs under
ND4BB, it is largely left to the EFPIA companies to de-
termine which antibiotic project to advance within the
program, and both large and small decisions are left to the
developer. While BARDA’s active role may be uncom-
fortable for some companies and thus a factor in limiting
participation, it is not yet clear which of these 2 models
(if either) supports a more enriched antibiotic armamen-
tarium. However, another important test of the success of
these programs will be public acceptance, particularly when
the new antibiotics from these programs are introduced

commercially with premium prices. In the US, for example,
protests have formed over the prices charged by companies
for medicines originally discovered with NIH grant fund-
ing even though the private sector was responsible for
clinical development.37 One can easily imagine a similar
controversy developing around a high-priced antibiotic that
has received substantial public subsidies for costs immedi-
ately preceding market introduction. Outcomes here are
also in the future, but both companies and governments
alike may wish to begin to evaluate now the public reaction
to the partnership models they have established.

Conclusion

The need for new antibiotics has grown acute as bacterial
drug resistance has become a global health concern. The US
and EU are leading the world in establishing policies to
incentivize pharmaceutical industry firms to enter a field
they have abandoned, or have threatened to abandon. The
new BARDA and IMI funding programs are among the
most visible of these efforts, and they are already showing
signs of having the potential to make a significant impact
on this challenge. But the policies differ substantially in
their approaches to cost sharing, project governance, and
project selection. Determination of optimal strategies for
these public-private partnerships remain to be seen and will
ultimately be judged not only on the basis of productivity,
but also broad acceptance of the balance among public
investment, private gain, and public health reward.
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